The consumption of cacao-derived (i.e., cocoa) products provides beneficial cardiovascular effects in healthy subjects as well as individuals with endothelial dysfunction such as smokers, diabetics, and postmenopausal women. The vascular actions of cocoa are related to enhanced nitric oxide (NO) production. These actions can be reproduced by the administration of the cacao flavanol (Ϫ)-epicatechin (EPI). To further understand the mechanisms behind the vascular action of EPI, we investigated the effects of Ca 2ϩ depletion on endothelial nitric oxide (NO) synthase (eNOS) activation/phosphorylation and translocation. Human coronary artery endothelial cells were treated with EPI or with bradykinin (BK), a well-known Ca 2ϩ -dependent eNOS activator. Results demonstrate that both EPI and BK induce increases in intracellular calcium and NO levels. However, under Ca 2ϩ -free conditions, EPI (but not BK) is still capable of inducing NO production through eNOS phosphorylation at serine 615, 633, and 1177. Interestingly, EPI-induced translocation of eNOS from the plasmalemma was abolished upon Ca 2ϩ depletion. Thus, under Ca 2ϩ -free conditions, EPI can stimulate NO synthesis independent of calmodulin binding to eNOS and of its translocation into the cytoplasm. We also examined the effect of EPI on the NO/cGMP/vasodilator-stimulated phosphoprotein (VASP) pathway activation in isolated Ca 2ϩ -deprived canine mesenteric arteries. Results demonstrate that under these conditions, EPI induces the activation of this vasorelaxation-related pathway and that this effect is inhibited by pretreatment with nitro-L-arginine methyl ester, suggesting a functional relevance for this phenomenon.
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The actions of cocoa on the vasculature are related to its ability to activate endothelial nitric oxide (NO) synthase (eNOS), and thus enhance NO production (7, 32) . These actions can be reproduced by the administration of (Ϫ)-epicatechin (EPI) to animals or humans, which is the most abundant flavanol present in cacao (32) . It is well accepted that the activation of eNOS can exert cardioprotective effects (32, 18) and thus, agents that stimulate its activity may be of therapeutic interest. In support of this, we recently reported on the cardioprotective effects of EPI on animals subjected to ischemiareperfusion or permanent coronary occlusion (35, 36) .
Recently, we demonstrated that EPI is capable of inducing the synthesis of NO via eNOS activation in human coronary artery endothelial cells (HCAEC) (31) . These effects are similar to those exerted by endogenous stimulators such as bradykinin (BK). In HCAEC, both EPI and BK are capable of inducing eNOS activation and NO production via the PI3K/AKT/PKA and Ca 2ϩ -CaM/ CaMKII pathways (31) . Furthermore, there is evidence of a possible acceptor-effector-like molecule on the plasmalemma. It is well established that eNOS activation can be both Ca 2ϩ -dependent and Ca 2ϩ -independent (28). Most ligands, including BK and acetylcholine, stimulate eNOS by raising the intracellular calcium concentration ([Ca 2ϩ ] i ), which in turn forms a Ca 2ϩ /calmodulin (Ca 2ϩ -CaM) complex that binds to eNOS (26) . eNOS function is also modulated by its interaction with proteins such as caveolin-1 (Cav-1) or heat shock protein 90 (HSP90) (14, 29) . Under basal conditions, the majority of eNOS present in the caveolae is bound to Cav-1, while its enzymatic activity remains repressed (20, 25) . Enzymatic inhibition is removed by eNOS translocation from the caveolae into the cytoplasm. The Ca 2ϩ -CaM complex displaces eNOS from Cav-1 through the action of Ca 2ϩ -mobilizing agonists (20) . In our previous study, we demonstrated that under the pharmacological inhibition of intracellular signaling pathways that completely block BK-induced effects on eNOS, EPI was still capable of partially stimulating NO production (ϳ27%) (25) . These results suggested that EPI may be uniquely able to stimulate eNOS in a Ca 2ϩ -independent manner. The results from the present study demonstrate that in HCAEC, EPI can induce eNOS activation in a novel manner that is both [Ca 2ϩ ] i and translocation independent. -free Krebs (Krebs 2). Cells were then incubated for 2 h at 37°C with 500 l of 3 mol/l calcium green TM2 diluted in the respective Krebs solution. Cells were washed with 500 l Krebs 1 or Krebs 2 (whichever applicable) 3 ϫ 1 min. Cells were allowed to settle for 1 h, and then the plate was inserted into a Synergy HT Fluorometer (BioTek). Either EPI or BK [0.1 nmol/l to 1 mol/l] were automatically applied to the wells to measure intracellular dose-response increases in [Ca 2ϩ ]i (calcium kinetics from 0 to 10 s) at excitation and emission wavelengths of 503 and 536 nm.
METHODS

Materials
NO measurements. NO levels were measured using a fluorescent kit and a fluorometer (FLx800 Bio-Tek Instruments). EPI was diluted in water and BK (used as positive control) in DMSO (water or DMSO were used as vehicle for control cells). EPI and BK-induced NO dose-response curves were generated. For these experiments, cells were treated with either EPI or BK [0.1 nmol/l to 1 mol/l], and culture media samples were collected at 10 min (peak time of NO response) as end point to measure extracellular NO indirectly (31) .
Immunoprecipitation. Immunoprecipitation assays were performed as described previously (30) . Briefly, cells were lysed with 50 l of nondenaturing extraction buffer (0.5%, Triton X-100, 50 mmol/l Tris·HCl, pH 7.4, 0.15 mol/l NaCl, and 0.5 mmol/l EDTA) and supplemented with protease and phosphatase inhibitor cocktail, plus 1 mmol/l PMSF, 2 mmol/l Na3VO4, and 1 mmol/l NaF. Homogenates were incubated on ice for 10 min and passed through an insulin syringe five times. The homogenate was incubated on ice with shaking for 10 min and centrifuged (10 min) at 12,000 g at 4°C. A total of 0.5 mg protein was precleared by adding 1 g of normal rabbit IgG control and 20 l prot-G-agarose with mixing for 30 min (4°C) and subsequent centrifugation at 12,000 g for 10 min at 4°C. The supernatant was recovered and incubated at 4°C under mild agitation with 3 g of immunoprecipitating anti-eNOS antibody. Twenty microliters of protein G-sepharose were added, and the mixture was incubated at 4°C for 3 h with shaking. The immunoprecipitation mixture was centrifuged at 12,000 g for 15 min at 4°C, and the supernatant was recovered and stored at 4°C. The pellet was washed three times with extraction buffer and centrifuged at 12,000 g for 15 min at 4°C. The immunoprecipitated proteins in the pellet and those remaining in the supernatant were applied to a 5% or 10% SDS-PAGE for immunoblotting. Coimmunoprecipitation was also performed with anti Cav-1 or anti-CaMI antibodies to confirm results. The assay was carried out at least three times with each immunoprecipitating antibody.
Immunoblotting. Cells grown on 10-cm dishes were homogenized in 50 l lysis buffer (1% Triton X-100, 20 mmol/l Tris, 140 mmol/l NaCl, 2 mmol/l EDTA, and 0.1% SDS) with protease and phosphatase inhibitor cocktails supplemented with 1 mmol/l PMSF, 2 mmol/l Na 3VO4, and 1 mmol/l NaF. Homogenates were passed through an insulin syringe five times, sonicated for 30 min at 4°C, and centrifuged (12,000 g) for 10 min. The total protein content was measured in the supernatant. A total of 40 g of protein was loaded onto a 5% or 10% SDS-PAGE, electrotransferred, incubated for 1 h in blocking solution (5% nonfat dry milk in TBS plus 0.1% Tween 20 [TBS-T]), and followed by either 3-h incubation at room temperature or overnight incubation at 4°C with primary antibodies. Primary antibodies were typically diluted 1:1,000 or 1:2,000 in TBS-T plus 5% bovine serum albumin. Membranes were washed (3ϫ for 5 min) in TBS-T and incubated 1 h at room temperature in the presence of HRP-conjugated secondary antibodies diluted 1:10,000 in blocking solution. Membranes were again washed three times in TBS-T, and the immunoblots were developed using an ECL detection kit. The band intensities were digitally quantified.
Detergent-resistant membrane isolation. Detergent-resistant membrane (DRM) (lipid rafts and caveolae) isolation was performed as previously described (24) . Briefly, ϳ4.5 ϫ 10 6 cells were lysed with 300 l of cold TNE buffer (20 mmol/l Tris, 140 mmol/l NaCl, and 2 mmol/l EDTA) containing 0.05% Triton X-100 plus protease and phosphatase inhibitors. Lysates were mixed with 375 l of 80% sucrose in TNE-Triton X-100 buffer and transferred to ultracentrifuge tubes. Cell lysates, placed in 45% sucrose, were gently overlaid with 1 ml of 35% sucrose in TNE Triton X-100 buffer, while the latter fraction was overlaid with 400 l of 5% sucrose in TNE-Triton X-100 buffer. Samples were centrifuged at 4°C for 16 h at 170,000 g in an Optima TLX ultracentrifuge using the TLS 55 rotor (Beckman Coulter) to form a 45-5% sucrose gradient. After centrifugation, eight fractions were collected. Five microliters of each sucrose gradient fraction were placed onto a PVDF membrane. The drop was allowed to dry, and the PVDF membrane was incubated 1 h at room temperature (RT) in blocking solution. The PVDF membrane was subsequently incubated with 1:2,000 CT-B-HRP [used as ganglioside M1 (GM1) marker] dilution in blocking solution and developed using an ECL detection kit.
NO/cGMP pathway analysis. Mesenteric arteries (1A branch) from male dogs (n ϭ 3) were isolated in Hank's solution, after removing blood, fat, and surrounding tissue, the arteries were washed 3 ϫ 10 min either with phenol red-free Hank's solution (group 1) or with phenol red and Ca 2ϩ -free Epilife media supplemented with 1 mmol/l of the Ca 2ϩ chelator EGTA, 1 mmol/l caffeine to deplete [Ca 2ϩ ]i deposits (17), 10 mol/l sildenafil, and with or without 0.1 mmol/l L-NAME (group 2). Subsequently, arteries from each group were incubated in the presence of 1 mol/l EPI or 1 mol/l BK in their respective media for 5 min. One gram of artery was frozen in liquid nitrogen and homogenized in 5% TCA for cGMP measurement following cGMP EIA Kit instructions, and 500 mg of artery were homogenized with 500 l of lysis buffer for protein extraction, which was in turn used for Western blot analysis of VASP/p-VASP.
The experimental protocols were approved by the UCSD animal care and use committee (IAICUC).
Data analysis. A minimum of three experiments were performed (each in triplicate) unless otherwise noted. Statistical analysis was performed using t-test or ANOVA and Tukey post hoc tests for multiple comparisons. Significance is noted at P Ͻ 0.05. ] i is higher from EPI-induced effects than for BK-induced effects, with this being particularly evident between 10 nmol/l-1 mol/l. These results suggest that the activation of eNOS by EPI is partially Ca 2ϩ independent. In Ca 2ϩ -free conditions, BK-induced NO synthesis was completely abrogated. However, EPI-treated HCAEC with Ca 2ϩ deprivation were still capable of producing NO ϳ25% of that synthesized under normal calcium conditions (Fig. 1C) .
RESULTS
EPI-induced NO production is partially
EPI induces phosphorylation of eNOS amino acid activation residues under Ca 2ϩ -free conditions. The phosphorylation status of Ser-1177, Ser-633, Ser-615 (stimulation sites), and Thr-495 (inhibition site) reflect eNOS activity. To assess eNOS activation under Ca 2ϩ -free conditions, we evaluated the phosphorylation of these residues in EPI-treated cells (Fig. 2) . Changes in phosphorylation status were only observed in activation residues Ser-1177, Ser-633, and Ser-615. Overall, phosphorylation status was increased compared with control (unstimulated cells). Interestingly, the status of the inactivation residue Thr-495 was not altered, indicating its Ca 2ϩ dependency. The results indicate that EPIinduced NO production under Ca 2ϩ -free conditions is mediated by changes in the phosphorylation of Ser-1177, Ser-633, and Ser-615 but not in Thr-495. Amlodipine, a known calcium inde- ]i (as compared with BK) do not match increases in NO, suggesting the possibility of EPI-induced calcium independent increases in NO. Data are expressed as means Ϯ SD (n ϭ 3) and analyzed by ANOVA, *P Ͻ 0.05. C: in calcium-free conditions, BK induced no increases in NO nor in [Ca 2ϩ ]i. However, EPI is able to stimulate NO (ϳ25% of production in presence of calcium). Data are expressed as means Ϯ SD (n ϭ 3) and analyzed by t-test, *P Ͻ 0.05. pendent inducer of eNOS Ser-1177 phosphorylation (22) , was used as a positive control.
EPI treatment activates eNOS without dissociation from caveolin-1 (Cav-1). It has been reported in endothelial cells that after an agonist induces increases in [Ca
2ϩ
] i , eNOS activates and disengages from Cav-1 translocating to the cytoplasm (20) . Because we observed eNOS activation in EPI-treated HCAEC under Ca 2ϩ -free conditions, we decided to investigate whether eNOS disengages from Cav-1 under this condition. We used specific antibodies to immunoprecipitated eNOS, Cav-1, and CaMI in control, BK-and EPI-treated HCAEC under Ca 2ϩ -free conditions. The immunoprecipitated phase (IP) was then used for immunoblots analysis of total eNOS, eNOS Ser-615, Ser-633, Ser-1177, and Thr-495 residues as well as Cav-1 (Fig. 3A) . In control cells, as well as in BK-and EPI-treated cells, eNOS did not detach from Cav-1, suggesting that Ca 2ϩ is essential for the detachment of eNOS from caveolae. In the absence of Ca 2ϩ , BK-treated HCAEC responses resembled those from control conditions because BK did not induce phosphorylation changes in eNOS amino acid residues, nor its dissociation from Cav-1 (Fig.  3A) . In contrast, the IP phase of EPI-treated HCAEC demonstrated enhanced phosphorylation of Ser-1177, Ser-633, and Ser-615 without dissociating from Cav-1. Furthermore, changes in Thr-495 phosphorylation were not observed, indicating that under calcium-free conditions its dephosphorylation is not required for eNOS activation. The Western blot for the supernatant phase of the IP does not show total eNOS or eNOS phosphorylation residues, which indicates that the enzyme is still bound to caveolae after treatment (data not shown). IP assays also show the lack of association between eNOS and CaM after treatment, which indicates that CaM is not necessary for eNOS activation under calcium-free conditions (Fig. 3B) .
EPI-activated eNOS is found in DRM cell fractions. To further determine eNOS localization under Ca 2ϩ -free conditions, we used a subcellular fractionation (based on a sucrose gradient with concentrations from 45 to 5%) that allows us to establish the migration pattern of proteins enriched in DRM (such as Cav-1 and eNOS). Each of the subcellular fractions was used to measure total eNOS and phosphorylation status of Ser-1177, Ser-633, Ser-615, and Thr-495. An antibody to Cav-1 and CT-B-HRPconjugated (which binds specifically to ganglioside GM1) were used as markers for DRM (lipid rafts and caveolae) found in low-density fractions. An antibody for the TfR was employed as a migration control for membranes not containing lipid rafts or caveolae, where TfR shifts to high-density fractions. In control HCAEC exposed to regular Ca 2ϩ , Ser-1177, Ser-633, and Ser-615 were not phosphorylated, whereas Thr-495 was phosphorylated, reflecting eNOS inactivity (Fig. 4A) . eNOS was found in the low-density sucrose fraction, along with Cav-1, while TfR was contained in the 45% sucrose fraction (Fig. 4A) . Sucrose gradient of BK-treated HCAEC with regular Ca 2ϩ yield phosphorylation of Ser-1177, Ser-633, and Ser-615 and dephosphorylation of Thr-495, characteristics of eNOS activation (Fig. 4B) . eNOS was present mostly in the 35% sucrose fraction, suggesting its translocation from low-density membrane lipids to the high-density fraction corresponding to no lipid rafts or caveolae domains (Fig.  4B) . Similar to BK, the sucrose gradient of EPI-treated HCAEC with regular Ca 2ϩ showed activation of eNOS, evidenced by the phosphorylation of Ser-1177, Ser-633, and Ser-615, and dephosphorylation of Thr-495 (Fig. 4C) . Furthermore, eNOS was localized to sucrose fractions 45-35% along with TfR (Fig. 4C) . Once we defined the activity and subcellular location of eNOS under regular Ca 2ϩ conditions, we repeated the experiments under Ca 2ϩ -free conditions. Control HCAEC contained inactive eNOS localized to the low-density region of the sucrose gradient (Fig. 4D) . Ca 2ϩ -free HCAEC treated with BK did not show phosphorylation of Ser-1177, Ser-633, and Ser-615 or dephosphorylation of Thr-495, indicating eNOS inactivation (Fig. 4E) . Moreover, eNOS did not translocate to denser sucrose fractions as it was found in the 5% sucrose region along with Cav-1 (Fig. 4E) . This result is consistent with our other experiments where BKinduced effects were noted as being Ca 2ϩ dependent. Treatment of HCAEC with EPI under Ca 2ϩ -free conditions confirmed our previous results showing activation of eNOS. Of interest is the fact that phosphorylated eNOS at Ser-1177, Ser-633, and Ser-615 residues were localized in the lowdensity sucrose fraction (IF-5%) (Fig. 4F) . These results indicate that under Ca 2ϩ -free conditions, the activation of eNOS takes place without translocation from the low-density region of membrane lipids and disengagement from caveolae.
EPI induces NO/cGMP/VASP pathway activation in Ca 2ϩ -deprived canine mesenteric arteries. To determine whether EPI is able to induce the activation of the NO/cGMP/VASP vasorelaxation pathway through eNOS activation in vascular tissue in the absence of Ca 2ϩ , we used canine mesenteric arteries as an ex vivo functional vascular model. Vessels were deprived of Ca 2ϩ and incubated with either 1 mol/l EPI or BK, 10 mol/l sildenafil, in the absence or presence of 0.1 mmol/l L-NAME. NO production was measured in vessel incubation media. EPI was able to induce increases in NO concentration in Ca 2ϩ -deprived arteries (ϳ25% of NO production with respect to the production in vessels in presence of Ca 2ϩ ), EPI-induced NO production, either in presence or absence of Ca 2ϩ was abolished by pretreatment with L-NAME (Fig. 5A) . Meanwhile, BK under regular calcium conditions induced NO increase in the vessels but it is not capable to induce NO increases in Ca 2ϩ -free conditions (Fig. 5A ). To further explore a possible physiological relevance of NO production in the Ca 2ϩ -deprived blood vessels, we measured the accumulation of cGMP (Fig. 5B) . Results demonstrate a significant increase in cGMP production in EPI-treated Ca 2ϩ -deprived arteries, that represents ϳ22% of total EPI-induced cGMP increases in Ca 2ϩ -containing arteries. Increases in cGMP were abolished by pretreatment with L-NAME. Similar results were found in the phosphorylation/activation of VASP at residue Ser-239 (p-VASP) (Fig. 5C ), which is a biomonitor of PKG activity as a consequence of NO effects on vascular smooth muscle (27) .
Catechin and quercetin effects on NO production in HCAEC in Ca 2ϩ -free conditions. Figure 6 summarizes the effects of 1 mol/l of catechin (a structural stereoisomer of EPI) or quercetin (a related flavonoid) compared with EPI-induced effects on NO production either in the presence or absence of Ca 2ϩ . Under regular Ca 2ϩ conditions the stimulation of cells with catechin induced ϳ25% and quercetin ϳ50% of EPI-induced effects on NO production in HCAEC in culture. When the cells are Ca 2ϩ -deprived, catechin induced no effect on NO production, whereas quercetin induced ϳ27% of the EPI effect.
DISCUSSION
Strategies aimed at increasing NO bioavailability are of promise in the prevention and therapy of CVD. We recently reported that EPI is capable of stimulating NO production via eNOS activation and that the inhibition of phospholipase C (PLC) (a major intracellular calcium pathway activator) does not completely abolish EPI effects (31) . These results prompted us to examine whether EPI is able to induce eNOS activation in a calcium-independent manner.
The molecular mechanisms that regulate eNOS activity in vascular tissue have been extensively studied. In response to physiological stimuli, eNOS activity regulation is mediated through phosphorylation at key residues (3, 8, 12) . The phosphorylation of eNOS-Ser-1177, Ser-633, and Ser-615 (human sequence) is associated with increases in enzymatic activity (23, 13) , whereas the phosphorylation at Thr-495 decreases its activity (6, 15) .
It has been reported that a number of dihydropyridine Ca 2ϩ antagonists, including nifedipine (21) and amlodipine (37) , enhance NO production in endothelial cells independently of Fig. 3 . eNOS is activated by EPI in Ca 2ϩ -free HCAEC without detachment from caveloin-1 (Cav-1). A: total protein from EPI-or BK-treated HCAEC was precipitated with either Cav-1 or eNOS antibodies. Western blots were performed on the immunoprecipitated phase against phosphorylated eNOS residues,\ eNOS and Cav-1. In control HCAEC, eNOS was not activated nor disengaged from Cav-1. BK treatment did not activate eNOS as observed by the phosphorylation status of Ser-1177, Ser-633, and Ser-615. Also eNOS did not disengage from Cav-1. B: eNOS does not associate with CaMI in Ca 2ϩ -free HCAEC treated with EPI or BK as controls. HCAEC were lysed and precipitated with either eNOS or CaMI antibodies. The supernatant phase displayed only CaM1 presence but not eNOS. Data are expressed as means Ϯ SD (n ϭ 3, *P Ͻ 0.05 by ANOVA).
increases in intracellular calcium inducing in turn, relaxation of coronary arteries by a mechanism involving eNOS-Ser-1177 phosphorylation (22) . In this study, we demonstrate that EPI induces a moderate but notable increase in NO production through eNOS Ser-615, Ser-633, and Ser-1177 phosphorylation in the absence of cytosolic Ca 2ϩ showing similar patterns of phosphorylation of eNOS-Ser-1177.
Another way to regulating eNOS activity is trough modulation of intracellular calcium concentration. For example, shear stress activates eNOS independently of large increases in [Ca 2ϩ ] i , but this stimulation results in rather low NO production (9) compared with agonist-evoked effects, where large increases in [Ca 2ϩ ] i are induced. Typically, agonist-induced eNOS activation follows its dissociation from caveolin-1 and subsequent translocation into the cytosol, which requires increases in [Ca 2ϩ ] i and binding to CaMI (10) . With nonreceptor-mediated stimuli such as shear stress (11) or ceramides (19) , the activation of eNOS can take place independently of CaM binding and enzyme translocation while requiring small increases in [Ca 2ϩ ] i . In the present study, we demonstrate that eNOS translocation was abolished after depletion of cytosolic Ca 2ϩ . Under these conditions, immunoprecipitation assays and sucrose gradient results demonstrate no decoupling of eNOS from caveolae, no association with CaMI, and no eNOS migration from the DRM to dense fractions, as observed for GM1 and Cav-1, proving that eNOS does not detach from caveolae, while EPI was still able to induce eNOS activation.
In our previous study, we demonstrated that under normal calcium conditions, EPI-induced eNOS activation in HCAEC is dependent of the PI3K/AKT/PKA pathway (31) . Other studies have shown that calcium and receptor-independent eNOS phosphorylation at Ser-1177 is a process mediated through AKT/HSP90 activity (2, 34) . However, Ca 2ϩ -independent eNOS phosphorylation has not been previously reported to occur as a consequence of the stimulation of receptors by commonly known agonists.
Our results demonstrate that EPI-induced NO production in human endothelial cells can be obtained through both Ca 2ϩ -dependent and Ca 2ϩ -independent eNOS phosphorylation. The relevance of the EPI-induced, Ca 2ϩ -independent eNOS activation in endothelial cells was demonstrated via the activation of the NO/cGMP/p-VASP vasorelaxation-related pathway in an ex vivo system using mesenteric arteries, an effect that BK cannot trigger. We do not have, at the moment, proof of any significant physiological relevance; however, it can be related had inactive eNOS in low-sucrose density fractions. E: BK was unable to activate and translocate eNOS to high-sucrose density fractions in Ca 2ϩ -free HCAEC. F: EPI activated eNOS without translocation to high-sucrose density fractions in Ca 2ϩ -free HCAEC.
with protective effects of cells under high stress conditions like ischemia where the homeostasis of calcium is lost.
Results from calcium-depleted NO measurements indicated ϳ25% production of NO (vs. regular calcium) and ϳ22% in cGMP coupled to the phosphorylation/activation of VASP. These EPI-triggered effects on Ca 2ϩ -deprived HCAEC were blocked by pretreatment of the vessels with L-NAME, demonstrating the relevant role of EPI in eNOS activation under these conditions. The magnitude of NO changes are comparable with those observed in calcium-depleted EPI-treated HCAEC thus, validating the physiological significance of these observations.
To evaluate the specificity on EPI-evoked responses in Ca 2ϩ -deprived HCAEC, we treated cells with catechin, a stereoisomer of EPI, and with the flavonoid quercetin. Catechin has the same chemical composition as EPI but differs in the spatial orientation of one of its rings. Quercetin has the same number of rings but different chemical substitutions.
Our results indicate that under Ca 2ϩ -free conditions catechin is not capable of inducing NO production and that quercetin, at a similar concentration, induces ϳ27% of maximal EPI-induced effects. These results suggest specificity and/or higher potency of EPI compared with either catechin or quercetin.
The results presented herein serve to further understand the mechanisms by which EPI may act to retain vascular function in diseases where NO production is limited. These unique actions on eNOS may also serve to partly explain EPI cardioprotective effects. Our results also support those of Heiss et al. (16) where the cardiovascular effects of cocoa flavanols in patients with coronary artery disease are mediated by increases in the bioavailability of NO as reflect of endothelial function improvement. However, caution must be exercised when comparing in vitro EPI-induced effects versus those obtained after an oral intake of cocoa products or its flavanols, since EPI goes through extensive metabolism (GI, liver) and the bioavailability of free EPI is low and some of its metabolites may also be vasoactive (32) .
Additional work and alternative forms of administration are necessary to further explore the vasoactive effects of EPI.
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